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Thy-1+, Ly-5+ dendritic cells have recently been de-
scribed as a resident cell population in murine epider-
mis, but their ontogeny and function are unknown. We 
therefore investigated the origin and turnover of epi-
dermal Thy -1 + cells utili zing chimeric mice. Lethally x-
irradiated AKR/J (Thy-I. 1 +) and AKR/Cum (Thy-I.2+) 
mice were reconstituted with allogeneic bone marrow 
cells with or without thymocytes from congenic AKR/ 
Cum or AKR/J mice, respectively. The density of resid-
ual ind igenous Thy-I.1 + cells in AKR/J chimeras and 
Thy-1.2+ cells in AKR/Cum chimeras was substantially 
reduced following x-irradiation, as determined by im-
munofluorescence staining of epidermal sheets. Epider-
mal repopulation by allogeneic Thy-1 + dendritic epider-
mal cells was first observed at 5 weeks in AKR/J chi-
meras and at 7 weeks in AKR/Cum chimeras a nd pro-
gressed slowly. Repopulation was not enhanced by in-
creasing the number of allogeneic bone marrow cells 
injected from 2 x 107 to lOll cells or by the addition of 8 
x 107 allogeneic thymocytes to the donor inoculate. Ep-
idermal repopulation by allogeneic Thy-I.2+ cells was 
not seen in AKR/J mice reconstituted with syngeneic 
bone marrow cells a nd allogeneic ThY-1.2+ AKR/Cum 
thymocytes. Taken together, these results indicate that 
Thy-1 + dendritic epidermal cells are derived from the 
bone marrow a nd suggest that they are not related to 
conventional peripheral T -lymphocytes. 
Mammalian ep idermis is a heterogeneous ep ithel ium com-
posed of keratinocytes and distinct subpopulations of nonker-
atinocyte dendriti c cell s including melanocytes, Merkel cells, 
and Lange rhans cells [1] . Recent immunofluorescence studies 
[2,3 1 have identified a hi therto unrecognized subpopulation (1-
5%) of resident dendritic ce ll s in murine ep idermis that stain 
bright ly with antibodies directed aga inst Thy-1 antigen, a cell -
surface glycoprotein expressed by murine thymocytes and pe-
riphe ral T-Iymphocytes [4- 6]. An earlier report that Thy-! 
antigen is expressed by a majority of epidermal cell s based on 
cytotoxity studies [7] is compatible with the find ing that ke-
ratinocytes sta in weakly with anti-ThY-1 ant ibodies [2]. Thy-
1 + dendritic epidermal cells (Thy-1 + EC) do not appear to be 
related to previously recognized populations of dendritic epi-
derma l ce lls. Thy-l + EC (un like Langerhans ce lls) do not 
express immune response-assoc iated (la) antige ns; ultrastruc-
tu ral examination has revea led the presence of abu nda nt vi-
mentin -type intermediate filaments and the absence of Lan -
gerhans cell granules, Merkel cell granules, and melanosomes 
[2,3]. It has been proposed that T hY-l + EC may represent 
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intraepidermal T -Iymphocytes [3]. However, Thy-1 antigen has 
been demonstrated on a wide variety of other rodent cel l types, 
including natural killer cells and neurones [8- 16]. The ontog-
eny and function of Thy-1 + EC is therefore currently unknown, 
alt hough the fact t hat they express Ly-5 antigen [2] suggests 
that they may be bone marrow-derived [17,18]. We have utilized 
t he existence of two allotypic forms of Thy-l antigen in t he 
mouse (termed Thy-l.1 and Thy-l.2) to investigate the origin 
and turnover of Thy-1 '" EC in chimeric mice in which the 
rec ipients differed from con genic donor mice only at the Thy-
1 locus. We report here t hat a llogeneic Thy-1 + EC appear in 
the epidermis of recipient mice following intravenous injection 
of allogeneic bone marrow cell s but not of allogeneic thymo-
cytes. 
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MATERIALS AND METHODS 
Animals 
Six- to eight-week-o ld female AKR/J (Thy- l.l +) mice were obta ined 
from the Jackson Laboratory, Bar Harbor, Maine, and female AKR/ 
Cum (1'hy-1.2+) congenic mice were obtained from Cumberland View 
Farms, Clinton, Tennessee. Age-matc hed contro ls were used in eac h 
experiment. 
Preparation of Cells 
Bone marrow cells were harvested from the t ibiae a nd femora of 
mice by flushing the marrC'w cav it ies of bones stripped of adherent 
muscle with Hanks' balanced salt solu tion (HBSS) (M .A. Bioproducts, 
Wa lkersvi lle, Maryland) . Spleen cells and thymocytes were obtained 
by irrigation of whole spleens or thymuses with HBSS accompanied by 
mechanical teasing. The resulting suspensions of marrow, spleen, and 
thymus cells were filtered t hrough nylon mesh, treated with ACK lysing 
buffer (National Institutes of Health Media Un it) to remove erythro-
cytes, a nd washed three t imes in HBSS. 
Production of Chimeric Mice 
AKR/J mice were lethally irradiated with 900 rads from a "J7Cs 
SOu rce and injected i.v. 4 h later eit her with 2 x 107 syngeneic bone 
marrow cells from AKR/ J mice, or with 2 X 107 or lOB a llogeneic bone 
marrow cells, or with 2 x 107 allogeneic bone marrow cells and 8 X la' 
allogeneic t hymocytes from AKR/Cum mice. AKR/Cum mice were 
simila rly lethally irradiated and reconstituted with AKR/J bone mar-
row cells with or without thymocyies. In other experime nts, irradiated 
AKR/J mice were reconstituted with 2 X 107 syngeneic AKR/J bone 
marrow cells and 8 x 107 a llogeneic AKR/Cum thymocytes. 
Serologic Reagents 
Monoclonal mouse anti -mouse Thy-I.1 and Thy-1.2 (lgM) were 
obtai ned from New England Nuclear, Boston, Massachusetts. Fluores-
ceinated F(ab ' )2 fragments of goat anti-mollse IgM (j.L-chain-specific) 
were obtained from Cappel Laboratories, Coc hranvi lle, Pa. 
Immunoflu.orescence Stain.ing 
Thy-l+ EC were identified and enumerated in epiderma l sheets from 
control and chimeric mice by an indirect immunof1uorescence method 
as desc ribed [19 J. Briefly, biopsies of dorsa l skin were scraped free of 
subcutaneous fat and were f10ated dermal side down on a solut ion of 
0.02 M ethylenediaminetetraacetic acid for 2 h at 37'C. Epidermal 
sheets were then peeled off the dermis, was hed t hree t imes in phos-
phate-buffered saline, pH 7.4 (PBS) , and cut in to squares of approxi -
mately 1.0 em". T hese ep iderma l sheets were fixed in aceto ne at -20'C 
for 20 min, rehydrated in PBS, and incubated (or 16 h wit.h a 1:500 
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di lu t ion in PBS of one of the monoc lona l a nt i-Thy -1 reagents. After 
t hree washes in PBS, sheets were incubated in a 1:15 dilution of 
f1u oresceinated goal a nt i-mouse IgM for I h at 37"C. After an additional 
t hree washes in PBS, the epidermal sheets were moun ted on slides in 
PBS/glycerol under a coverslip. The mea n number of Thy-I + dendritic 
epiderma l ce lls per unit a rea was determined by coun t ing 5 ra ndom 
fie lds of a rea 0.026 mm" per biopsy with t he use of a n ocular grid. 
RESULTS 
Immunofluorescence staining of epidermal sheets from unir-
radiated cont rol AKR/ J mice with anti-Thy-l.l and unirra-
FIG 1. Immunoflu orescence staining 
o f epiderma l sheets from mice with mon -
oclonal an t i-Thy- l a ntibodies. A, Bright 
staining of dendritic cells and faint 
s taining of keratinocytes in unirradiated 
control AKRj.J skin with ant i-Thy-l.l. 
B , No stain ing of control AKRj J ski n 
with a nti -Thy-1.2. C, Indi genous Thy- l + 
EC at 12 weeks in s kin from an ir radi -
ated AKR/ J chimeric a nima l stained 
with an ti -Thy- l.l. D, Allogeneic Thy- l + 
EC at 12 weeks in skin from an irradi -
ated AKR/ J chimeric animal stained 
wit h a nt i-Thy- 1.2. A- D, x 300. 
diated control AKR/ Cum mice wit h anti-Thy-1.2 produced 
bright fluorescence of dendri t ic ce lls and fa in t keratinocyte cell 
surface staining as previously reported [2,3 ) (Fig lA). There 
was no binding of ant i-Thy-I.l to control AKR/Cum epidermis 
or of anti-Thy-1.2 to control AKR/ J ep idermis (Fig IB). When 
irradiated AKR/ J mice were reconstituted with syngeneic 
AKR/J bone marrow ce lls, the density of T hy-I.I + EC in 
epidermal sheets from these animals (550 ± 36/mm2 , n = 3) at 
5 weeks did not differ from that in sheets from unirradiated 
control AKR/ J mice (567 ± 34/mm1, n = 3). In contrast, t he 
density of indigenous Thy-l + EC in chimeric mice was consist-
TABLE I. Phenotypic character ization and enumeration of Thy- r epider mal cen, of indigenous or donor type in con.trol and chimeric mice 
Density of Thy-I + epidermal cell s/mill ' ± SE" 
Donor ce lls Rec ipient 4 Weeks 7 Weeks 12 Weeks tra nsferred 
Thy-l.l+ Thy-I. 2+ Thy-l.l + Thy-1.2+ Thy-I.I" 
None AKRj J 612 ± 65 0 465 ± 34 0 549 ± 29 
(Thy- l.l+) (n = 3) (11 = 3) (n = 5) (11 = 5) (n = 5) 
2 X 107 BM" XR< AKR/ J 236 ± 22 0 260 ± 21 0 202 ± 35 
(Thy- 1.2+) (Thy-l. l +) (n = 3) (n = 3) (n = 5) (n = 5) (n = 5) 
10· BM XR AKR/ J 362 ± 20 0 206 ± 15 POS d 215 ± 10 
(Thy-1.2+) (Thy-I .I +) (n = 3) (n = 3) (11 = 4) (n= 5) (n = 5) 
2 X 107 BM + 8 X 107 Thy" XR AKR/ J 380 ± 49 0 188 ± 12 POS 248 ± 32 
(Thy-1.2+) (Thy-1.2+) (Thy- l.l +) (n = 3) (n = 3) (n = 4) (n = 5) (n = 5) 
No ne AKR/Cum 0 658 ± 75 0 615 ± 60 0 
(Thy-1.2+) (n = 3) (11 = 3) (n= 5) (11 = 5) (n = 5) 
2 X 107 BM XR AKR/Cum 0 325 ± 188 POS 289 ± 11 85 ± 32 
(Thy- l.l +) (Thy- 1.2+) (n = 3) (n = 3) (n = 5) (11 = 5) (n = 5) 
108 BM XR AKR/Cum 0 359 ± 38 POS 249 ± 17 75 ± 12 
(Thy- l.l +) (Thy- I. 2+) (n= 3) (n = 3) (11 = 5) (n = 5) (n = 5) 
2 X 107 BM + 8 x ] 07 Thy XR AKRjCum 0 328 ± 42 POS 269 ± 43 58 ± ]3 
(Thy- IT") (Thy-l.l +) (Thy-1.2+) (n = 3) (n = 3) (n = 5) (n = 5) (n = 4) 
U Determined by immunofluorescence staining of epidermal sheets with monoclonal antibodies to Thy-I.l a nd Thy-1.2. 
b Bone marrow cells. 
< X-irradiated. 
d Occasional a llogeneic Thy-l + EC see n in a ll 5 a nimals. 
e T hymocytes. 
Thy-I.2+ 
0 
(n = 5) 
n ± 21 
(n = 5) 
34 ± 8 
(n = 5) 
22 ± 3 
(n = 5) 
540 ± 42 
( 11 = 5) 
180 ± 25 
(n = 5) 
194 ± 20 
(n = 5) 
188 ± 30 
(n = 5) 
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ently reduced at all t ime periods fo ll owing x-irradiation (Table 
I, Fig I e ). T he dens ity of indigenous Thy-I.l+ EC in AKR/J 
chimeras was reduced to 40% and t he density of indigenous 
T hy- 1.2+ EC in AKR/ Cum chimeras was reduced to 35% of t he 
density of Thy-I + EC in age -matc hed un irradiated cont rol mice 
at 12 weeks (these percentages were derived by combining data 
from groups of chi meric a nimals that received d ifferent inocu-
lates of donor cell s to produce an ove ra ll ave rage density of 
residua l indigenous Thy-1 + EC for each stra in). Scatte red a l-
logeneic T hy-1.2+ EC were first seen at 5 weeks in AKR/J 
(Thy-I.1 +) animals t hat had received allogeneic Thy-I.2+ mar-
row ce ll s with or wit hout thymocytes. S imilarly, occasiona l 
a llogeneic T hy-I. 1 + EC were first obse rved at 7 weeks in AKR/ 
Cum (Thy-I.2+) recipients of a llogeneic T hy-I.l+ marrow cells 
with o r without t hymocytes. The extent of ep idermal repopu-
lation by a ll ogeneic Thy-l + EC va ried cons iderably between 
individual animals t hat had received identica l inoculates of 
donor cell s, but increased gradually with t ime (Table I, Fig 
ID). By 12 weeks, t hese a ll ogeneic Thy-l + EC represented 26% 
(in AKR/ J chimeras) and 32% (in AKR/Cum chimeras) of all 
epidermal T hy-l + cell s present in t he sk in of anima ls that had 
rece ived 2 X 10' all ogeneic marrow cells . These percentages 
were de rived by expressing t he density of a llogeneic Thy-l + EC 
as a percentage of the sum of t he densities of a llogeneic Thy-
I + EC and of residual indigenous T hy- 1 + EC. In a sepa rate 
expe rime nt (not shown in Table I) involving a different grou p 
of 5 irradiated AKR/J mice reconstituted with 2 X 107 alloge-
ne ic Thy-1.2+ bone marrow ce lls, a ll ogeneic Thy-1.2+ EC rep -
resented on ly 17% of a ll Thy-1 + EC at 20 weeks (49 ± 16 
a lloge neic Thy-1.2+ EC/mm~, 246 ± 72 residua l indigenous 
Thy-l.l+ EC/mm~). The rate of ep idermal repopulation by 
allogeneic T hy- ] + cell s was not acce lerated eit her by increasing 
t he number of donor marrow ce lls injected from 2 X 107 to lOB 
or by add it ion of 8 X 107 t hymocytes to the inoculate of 2 X 107 
bone marrow cells (Table I). In a further experiment, epidermal 
repopu lation by a llogeneic T hy- 1.2+ EC was not seen at 10 
weeks in AKR/J chimeras reconstituted with 2 X 107 syngeneic 
A KR/ J (Thy-I. I +) bone marrow cells and 8 X 107 a llogeneic 
AKR/Cum (Thy-1.2+) thymocytes. 
DISCUSSION 
T he experiments reported here, in wh ich allogeneic Thy-1 + 
EC were observed in radiation chimeras reconstituted with 
a llogeneic bone ma rrow cells from con genic mice differing on ly 
at t. he T hy- l locus, show conclus ively t hat T hy-1 + EC, like 
epiderma l Langerhans cell s [20], are derived from cells t hat 
originate in t he bone marrow. Epidermal repopulat ion by a llo-
gene ic Thy- l + EC occurs relat ively slowly following bone mar-
row chimeri zatio n. At 12 weeks, donor a llogeneic Thy-1 + EC 
represented 26% of a ll ThY-1 + EC in AKR/J chimeras and 32% 
of a ll Thy-l + EC in AKR/Cum chimeras that had received 2 X 
10' bo ne marrow cells. In a duplicate expe riment involving a 
different group of animals, donor a llogeneic Thy-1.2+ EC rep-
resented only l7% of a ll Thy- l + EC in AKR/J chimeras at 20 
weeks . By contrast , previous studies have shown t hat donor-
stra in Langerhans cells rep resent up to 80% of all epidermal 
La ngerhans cells in semia llogeneic chimeras by 12 weeks [20 ]. 
The rate of ep idermal repopulation by donor Thy-1 + EC did 
not appear to be a fu nction of t he number oC bone marrow ce lls 
injected into the rec ipient, s ince increasing the number of bone 
marrow ce ll s injected from 2 X Hf to 10M ce lls d id not hasten 
repopul_at ion. Add it ion of 8 X 10' a ll o!(e neic t hymocytes to the 
2 x 10 ' a llogeneic bo ne marrow ce ll s injected into rec ipient 
mice also fa il ed to increase the density of a llogeneic Thy-l + EC 
in t. he ep idermi s of these ch imeric mice. Alt hough th is result 
indicates that t he thymus is not a majo r reser voir for precursors 
of Thy- J; EC, it does not absolutely exclude a contributio n 
from the thymus to Thy-l + EC, as proposed by Bergstresser et 
a l [:3 J. We th e refore pe rformed a fu rt her expe riment in which 
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irradiated AKR/J mice were reconstituted with sy ngeneic 
AKR/J bone marrow cells and a ll ogeneic AKR/Cum t hymo-
cytes. Allogeneic Thy-1 + EC were not seen at 10 weeks in t hese 
chimeric mice, suggesti ng strongly that t he precursors of Thy-
1 + EC a re not present in large numbers in t he thymus. This 
fact, together with t he observation t hat Thy-1 + EC do not 
express t he T -cell antigens Lyt-l, -2, o r -3 [2,21]' a rgues against 
Thy-1+ EC being convent ional peripheral T- Iymphocytes. 
Exp ress ion of Thy-1 antigen by murine bone marrow ce lls is 
not restricted to prot hymocytes; Thy-1 antigen is a lso present 
on pluripotentia l bone marrow stem cells, as well as some B-
ce ll , myeloid , and macrophage precu rsors [8,9]. Thy-1+ EC do 
not possess surface immunoglobulin and are therefore unlikely 
to be B- lymphocytes. Similarly, t hey do not appear to subse rve 
a macrophage-like function, si nce (unlike Langerhans cells) 
their elimination does not affect a lloant igen presentation in 
the in vitro a llogeneic epidermal cell -lymphocyte culture reac-
tion (S.M. Breathnach and S.L Katz, unpublished data). The 
phenotype of Thy-1 + EC (Thy-l + , Lyt-1,2 ,3- , Ly-5+) is simila r 
to that of certain natural killer cells [10- 12J; resident intraep-
it helia l natural killer cells have been desc ribed in murine intes-
t ine [22J. In this regard, it is of interest that Thy-1+ EC, like 
natural killer cells [12 ,23], express membrane asia lo GM I (G. 
Schuler, personal communication). Detinitive classification of 
the Thy-1 + EC must, however, await fun ctional cha racte riza-
tion of thi s newly recognized bone marrow-derived murine 
ep idermal cell. 
We thank Jay Linton for excellent technical assistance and Drs. Ira 
Green and John R. Stanley for their cri tical review of this manuscript. 
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